Identification of a nitrogenase protein-protein interaction site defined by residues 59 through 67 within the Azotobacter vinelandii Fe protein.
During nitrogenase catalysis the Fe protein and the MoFe protein associate and dissociate in a MgATP-dependent process involving electron transfer from the Fe protein to the MoFe protein. A docking model, based primarily on the crystal structures of the separate components from Azotobacter vinelandii, was previously proposed in which the 2-fold symmetric surface of the homodimeric Fe protein interacts with the exposed surface of a MoFe protein pseudosymmetric alpha beta-unit interface. In this model, a loop, which is included within residues 59 through 67 of the Fe protein primary sequence, is likely to interact with the MoFe protein during component protein docking. In the present study, evidence supporting the component protein docking model was obtained by construction of an A. vinelandii strain that produces a hybrid Fe protein for which residues 59 through 67 have been replaced by the corresponding residues from the Fe protein of Clostridium pasteurianum. Biochemical analyses of the hybrid Fe protein revealed the following features when compared with the unaltered Fe protein. First, the hybrid Fe protein exhibited half the maximum specific activity of the normal Fe protein and was insensitive to inhibition by low levels of NaCl. Second, the hybrid Fe protein activity was hypersensitive to a molar excess of MoFe protein, which also resulted in the uncoupling of MgATP hydrolysis from substrate reduction. Third, stopped-flow spectrophotometry experiments showed that during catalysis the hybrid Fe protein dissociates from the MoFe protein at only half the normal rate of Fe protein-MoFe protein dissociation. Thus, the salient feature of the hybrid Fe protein is that it appears to form a relatively tighter complex with the MoFe protein. This property is in line with previous biochemical reconstitution experiments where it was shown that a heterologous mixture of Fe protein from C. pasteurianum and MoFe protein from A. vinelandii form a tight, inactive complex and supports the proposal that a region defined by residues 59 through 67 within the Fe protein is involved in component protein interaction.